Lloyd—Max #E ¥Ak3t 7)6ke] 94 54 Z=&5 74

Construction of Phase Tracking Codebooks
Based on Lloyd—Max Vector Quantization
Jaeyong Park, Jaewon Kim, Hyung—gil Yoo, and Wonjin Sung

Department of Electronic Engineering, Sogang University

2 9%

B R AL dEl 3 ARAS 24 se) 0F 9FY WEY A2 9% AF FH 2SHS ASI 9
A EA NIy PAe ARF Zae Auel Aolwe BeAT: el sz A4 24 wAH Ads wr, 9
g ARGl 4h 5L 9L & Ak U@ AN FH meE THS Astel A4 2P muRe BAYSE AR
A WPste] Lioyd-Max LaelEol Agarh 45878 Aste] 94 24 mudate] A5 of geue] mw 54
s, ol% olgate] Algtals mERe RS AT

2 =olA= PAPC 8hellA MIMO AJ28 €] Lloyd-
Max #E gAst 7|wke] 94 34 =5 Akt
1. A8 Lloyd-Max ¢3#]&9] A& 93] 71&9 9 HE
FAESA AE ZlEed o FAl Alsme] FAMNAE Fofo] BEXNFgeE AFA A wdst 4 F4 =2
Ag F2714 FA719 gAY AdEUE ARESHE ‘:Eoﬂ L&A AlEdel S B3 71E9 93 =4
MIMO (multiple-input multi-output) 7]<o] <4 ¥ 53 Abe ZEEY Hes AlWeEE Ad Al
Atk 71E9 A= BE F2 gEHYe 28 g8 AT 7\1 Jﬂ7}5}ﬂr o]Z 9Qa ¥ =9 2% MIMO Al
3} TPC (total power constraint) ®2] 3lollA] 28 =] EE“J’}‘ A\ Ade] §EAAE 7estt. 3dAE 94
91w, SNR (signal-to-noise ratio) & Hujs}sl= 9z 74 o] AAFS Actsta 4Gl E F A=
o2 MIMO €9 elgenvector S o] g3 "] H H] OH A5g Hdotstar, 5HAE 488 H=r)
Aol wrHow dex vk [1]. HAHY HEwE §4
el A AA 7] A= 9&@‘3?} Ad FRE 873HA 2. Aznd
b ey A ﬂﬁoﬂ/ﬂ F2 QHHY F%7]9] A 2 =T A E @S 4l eyt 40 o
gE9 A, A F3 ASE A 5o AN S Hue] 71 242 Npy Ne 1 MIMO Al =¥lo|t}, n HA
HWo =z Q3| 1 ARg-o] AA AgEr). g oMo FANETE v o] yeld
olggk Alghs awfste], dY FWHA ZHzhe] FHAl F=

ote o] &32of #|3+S F+= PAPC (per—antenna power

constraints) ¥2lo] et} 3k A8 HF9 AT yIn]=Hnvnlx(n] +z[n] v

FEe7] fEM e ZER 7|We] zZelad 7y Oﬂ? 714 ylnlS Np X 1 41 A% 9, Hlnl& Np X
o] &3] 8 =i vt 53] PAPC #4419 % Nr 524 Ad 49, vin]& Ny X 1 $4] 9y 9F,
g g 47| <reue] Huo HEs &M ‘:‘c}*—] x[n]& &2 volg] AE, 183 z[n]e 7FAIE 23
o] Ao WHow FH EFon, o9 e WHoT + WEo|th. HInl# zln]& 4ol 0 o]aL #Ake] 27}
A 24 XY 5 ¢ Uy [2]. ZEES A 1% Ny, < iid. (independent and identically
feidE  Lloyd-Max  ®E  xtz Wy 2L distributed) E24 7}$-Aj¢t 5 wWgo|t}
Grassmannian line packing ¢ Wil ¥2 &4#A At FA dold g EAY AWM st EAS g sl
[2], [3]. st 7 ZAY Y] FHAEE ofgfet Zo] vER
1

72



o}
p =E{h,[nlh,[n-1]" }= J,(2A4,) (2)

714 hgnle HInle G p»p HA AEol o) 0z
o] 1% WA o)y, fi> NDF (normalized doppler
frequency) ©olt}. o]#3 FAEE st AWSE
4 MIMO AE<

HIn]= pH[n —1] +1- p>B 3)

1 . ) P def 1
v[n] = ——[e%[ gl . gIhraltlyr — 2 gioml (4
Ny Ny

s} ol AAHT) olF ol st 4 SNRE Hvjsiel
= 24 W ge go] A4u,
2

G[n]:argmaxHH[n]ejX (5)

g[n]=0[n]-06[n—1] mod 2~
=[0 &n - &Ml

3. e PRz Ao 94 38 ==
9 F4 mERe BAYFE Y g ek

L2
[n] = argmax HH[n]e 18[n]
o[n]

(7

+argmaxHH[n—l]e""[”’”H2 mod 2.
0[n-1]

FA (DL F MY 54 T2 o]Fojx Q7| wFol
[2]0] A ¢} 28 Lloyd-Max ¢85S A83 5 glv
adBR EA%g] WEs F 3

2

jornl||? _ ; jorn-11 \, jeln]
maxHH[n]e = maxHH[n]dlag{e le @
_ jen] |2
= max|P[n]e
¢} & Lloyd-Max 7]4¥ke] ¥WE 4Ajsls 423 & 4=
Atk MEA HEdE E43ee 358 FAS A A
L=t
4. 3587}
AFE A EdolAS Ed Aetes 9N F2 m=E
I Y =24 ZEH [2]5 e SNRe &3 vlug

73

—
om
)
o
Z
n
(3]
[o))
@
c
()
>
<
----------- Full-CSI
1 S
------ R E
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

a9 198 24 nESY 98 F4 2259 b SNR H|iL

A FIE 2 GHz o), AF HAE S3 A8HE
He S5msE bR o] Wl g ¥ 0.05, 0.1, 0.2,
0.3 0.49] NDF& Z+2zF 5.4, 10.8, 21.6, 32.4, 43.2 km/h
9] o] &xoltt, I 1& Nr=4, Ny=2 4 o, #A3%
HESo Z7te] w2 94 53 z=fiy A4
T Eo Hy SNRS YepdT) el WalaFo]
A F4 =R QA 2 ZEH 45 A= F

Age wWaleko] #& @AM JN F4 =
A 24 ZEH BHY 22 H SNRS Uepd

O

ez
flo &

1] J. C. Roh and B.D. Rao, “Design and analysis of
MIMO spatial multiplexing system with quantized
feedback,” /[EEE Trans. Sig. Process., vol. 54, no.
8, pp. 2874-2886, Aug. 2006.

[2] C. R. Murthy and B. D. Rao, “Quantization methods
for equal gain transmission with finite rate
feedback,” /[EEE Trans. Sig. Process., vol. 55, no.
1, pp. 233-245, Jan. 2007.

[3] D. J. Love and R. W. Heath, Jr., “Limited feedback
unitary precoding for spatial multiplexing systems,”
IEEE Trans. Inform. Theory, vol. 51, no. 8, pp.
2967-2976, Aug. 2005.

[4] R. H. Etkin and D. N. C. Tse, “Degree of freedom
in some underspread MIMO fading channel,” /EEE
Trans. Inform. Theory, vol. 52. No. 4, pp. 1576-
1608, Apr. 2006.





